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LEAK DETECTION, CONTAINMENT AND
CUTTOFF SYSTEM FOR A PIPELINE OR
OTHER CONDUIT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims benefit under 35 U.S.C. 119(e) of
Provisional Application Ser. No. 61/702,874, filed Sep. 19,
2012, the entirety of which is incorporated herein by refer-
ence.

FIELD OF THE INVENTION

The present invention relates generally to leak response
systems for pipelines or other conduits, and more particularly
to a system configured to both contain a leak and cut oft flow
through the conduit in response to that leak.

BACKGROUND OF THE INVENTION

In recent years, environmental issues have come to the
forefront in terms of both public awareness and governmental
and private sector action. Regarding the oil and gas industry,
concern has risen over the potential for environmental con-
tamination by pipeline leaks.

Applicant has developed a unique solution for containing
pipeline leaks, and shutting down pipeline flow and alerting
pipeline personnel in response to occurrence of such leaks.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided
aleak detection, containment and cutoff system for a conduit,
the system comprising:

a flexible tubular jacket fitted circumferentially around a
circumferential wall of the conduit so as to be expandable by
fluid exiting the conduit in the event of a leak occurring in the
conduit at a location beneath the tubular jacket;

avalve installed at a point along the conduit and moveable
between open and closed positions allowing and preventing
fluid flow through the conduit at said point; and

a control system configured to move the valve into the
closed position under expansion of the tubular jacket by the
fluid leaking from the conduit.

Preferably the control system comprises a coil wrapped
around and along the flexible tubular jacket and having a
terminal fitting at an end thereof, the terminal fitting normally
residing in a first relationship with a control element in a
control circuit of the control system and being movable into to
a second relationship with the control element by expansion
of'adiameter of the coil caused by the expansion of the tubular
jacket at the leak in the conduit, the terminal fitting and the
control element being arranged to maintain the valve in the
open position when in the first relationship and to move the
valve to the closed position when in the second relationship.

The control element may be a quick-disconnect coupler in
which the terminal fitting of the coil is normally engaged to
close the control circuit and from which the terminal fitting is
disengagable from the quick-disconnect coupler by the
expansion of the coil to open the control circuit, the control
system being configured to move the valve into the closed
position under opening of the control circuit.

The control circuit may normally power at least one actua-
tor that normally holds the valve in the open position,
whereby opening of the control circuit disconnects power to
actuator to release the valve from the open position.
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There is preferably provided an emergency alarm system
linked to the control system and operable to activate at least
one alarm output in response to the expansion of the tubular
jacket and resulting closing of the valve.

The at least one alarm output may comprise an emergency
indicator light.

The at least one alarm output may comprise an image
capture device arranged to capture at least one image of at
least one of the tubular jacket and the valve.

There may be provided a communication network connec-
tion between the image capture device and a remote monitor-
ing device for conveying the at least one image to the remote
monitoring device.

The conduit may be an oil pipeline. Alternatively, the pipe-
line may be a propane or natural gas pipeline.

There may be provided a flashback arrestor installed on the
conduit proximate the valve.

There may be provided a second flashback arrestor
installed on the conduit proximate the valve, the flashback
arrestors being respectively positioned upstream and down-
stream of the valve.

Each flashback arrestor may be mounted at an end of a pipe
that is disposed opposite another end of the pipe at which the
valve is mounted between said pipe and another pipe of the
conduit.

According to a second aspect of the invention there is
provided a leak detection and containment system for a con-
duit, the system comprising:

a flexible tubular jacket fitted circumferentially around a
circumferential wall of the conduit so as to be expandable by
fluid exiting the conduit in the event of a leak occurring in the
conduit at a location beneath the tubular jacket;

a coil wrapped around and along the flexible tubular jacket
and having a terminal fitting at an end thereof;

a leak event response system comprising a control circuit
having a control element in association with the terminal
fitting of the coil, the terminal fitting normally residing in a
first relationship with a control element and being movable
into to a second relationship with the control element by
expansion of a diameter of the coil caused by the expansion of
the tubular jacket at the leak in the conduit, the leak response
system being configured to trigger and output action under
movement of the terminal fitting of the coil into the second
relationship with the control element.

The leak event response system may comprise a valve
installed at a point along the conduit and moveable between
open and closed positions allowing and preventing fluid flow
through the conduit at said point, the valve being normally
maintained in the open position and arranged to move to the
closed position under movement of the terminal fitting of the
coil into the second relationship with the control element.

According to a third aspect of the invention there is pro-
vided a leak detection and indication system for a conduit
comprising a flexible tubular jacket fitted circumferentially
around a circumferential wall of the conduit so as to be
expandable by fluid exiting the conduit in the event of a leak
occurring in the conduit at a location beneath the tubular
jacket, whereby expansion of the flexible tubular jacket indi-
cates the occurrence of the leak.

BRIEF DESCRIPTION OF THE DRAWINGS

Inthe accompanying drawings, which illustrate exemplary
embodiments of the present invention:

FIG. 1is an end elevational view of a pipeline section with
a leak containment and response system of the present inven-
tion from a first end of the pipeline section.
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FIG. 2 is a side elevational view of the pipeline section of
FIG. 1.

FIG. 3 is an overhead plan view of the pipeline section of
FIG. 1.

FIG. 4 is a schematic illustration of a pipeline employing
the leak containment and response system of the present
invention from a side elevational viewpoint of a filling station
for filling of a tanker ship at a sea port.

FIG. 5 is an overhead plan view of the filling station of FIG.
4.

FIG. 6 is an elevational view of the filling station of FIG. 4
from another side thereof.

FIG. 7 is a schematic overhead plan view of pipeline sec-
tions featuring the addition of flashback arrestors to the leak
containment and response system of FIG. 1.

FIG. 8 is a schematic side elevational view of the pipeline
sections, leak containment and response system, and flash-
back arrestors of FIG. 7.

FIG. 9 is a schematic end elevational view of the pipeline
sections, leak containment and response system, and flash-
back arrestors of FIG. 7.

FIG. 10 is a schematically illustrates the connection of
components in a control circuit of the leak containment and
response system of the present invention.

DETAILED DESCRIPTION

FIG. 1 shows a single pipeline section of the present inven-
tion, where a length of pipe 10 is circumferentially sur-
rounded by a sleeve-shaped jacket 12 of rubber or other
flexible material conforming to the exterior surface of the
pipe wall. A length of electrically conductive wire 14 is
wrapped around the exterior of the jacket to helically coil
therearound, thereby circumferentially and longitudinally
traversing the length of pipe 10. A valve support 16 is
mounted at an end of the pipe 10, and a trough of U-shaped
cross-section forms a section of a catch basin 18 that underlies
the pipeline beneath the pipe 10 and valve support 16. A
removable oil drain plug 18a normally closes a drain port at
the lower apex of the trough.

Referring to FIG. 2, a valve plate 20 is carried on the valve
support 16 in a manner vertically displaceable upward and
downward along the valve support 16 for movement between
open and closed positions respectively revealing and occlud-
ing the respective end of the pipe 10. In the illustrated
embodiment, two parallel worm shafts 22 are carried on the
valve support 16 for rotation about respective vertical axes on
opposite sides of the valve plate 20. Ball nuts 24 attached to
the valve plate 20 at the opposing sides thereof respectively
ride on the two worm shafts 22. A pair of rotational actuators
25 are configured to drive simultaneous and equal-velocity
rotation of the worm shafts 22 in a same direction as one
another, for example as achieved by driving of the two actua-
tors by a single electric motor, whereby rotation in one direc-
tion raises the valve plate 20 to the open position and rotation
in the opposite direction would lower the valve plate 20 to the
closed direction via axial displacement of the ball nuts 24 on
the worm shaft 22. Two tension coil springs 26 are respec-
tively connected to the ball nuts to bias the same axially
downward on the respective worm shafts, thereby biasing the
valve plate toward the closed position. An emergency light 28
is mounted atop the valve support 16.

A control circuit for conveying power to the electric motor
of'the actuators 25 features a quick-disconnect coupler 294 to
which a terminal 295 at a respective end of the wire 14 is
normally engaged, as schematically shown in FIG. 10,
thereby conductively linking the wire to the motor. The other
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end of the wire is arranged to connect to a power source to
deliver current through the wire to the motor for powering of
the same. The motor is configured to rotate the two worm
shaft actuators in a direction forcing the valve plate 20 into the
open position against the bias of the springs 26 when current
flows through the wire. Accordingly, so long as the control
circuit remains closed by the engagement of the wire terminal
with the quick-disconnect coupler, the valve plate 20 will be
held in the open position. However, as soon as the wire ter-
minal is pulled from its normal engagement with the quick-
disconnect coupling, the resulting interruption of power to the
motor causes the valve plate 20 to be quickly lowered to the
closed position by the downward pulling force of the springs.

The above-described components cooperate to form a sys-
tem that operates to perform three automated functions under
the occurrence of a leak in the pipe 10, particularly to contain
the fluid leaking from the pipe, automatically cut off flow
through the pipe, and to inform pipeline monitoring personnel
that a leak has occurred.

A power supply is connected to the wire coil 14 via the end
of the wire opposite the valve, with the current through the
wire coil 14 thus delivering power the actuator motor to hold
the valve plate 20 in the open position so that flow through the
pipeline is allowed to occur.

When a leak occurs, the fluid leaking from the pipe is
contained by the flexible jacket 12 closing around the leaking
portion of the pipe wall. In the event of a significant leak, the
pressure of the fluid exiting the pipe cause the resiliently
flexible jacket to radially expand, i.e. bulge or bubble out-
ward, which in turn causes the wire coil 14 to expand in
diameter at the location of this expansion or bulge in the
jacket. This diameter enlargement of one or more winds of the
coiled wire causes the terminal-equipped end of the wire to
pull free from the quick-disconnect coupler, thus opening the
control circuit and thereby breaking the power connection to
the actuator motor, which causes the valve to close under the
automatic action of the springs, thereby cutting off the fluid
flow through the pipe.

The valve is located upstream from the respective wire 14
so that the closing of the valve stops further flow to the
location of the leak, thereby limiting the extent of fluid that
can escape the pipe. The fluid that has escaped is contained
beneath the flexible jacket, and in the event of a leak in the
flexible jacket, a secondary containment measure is provided
by the catch basin 18, which spans at least a bottom half of the
pipe circumference to catch fluid falling from the jacket. The
drain plug 18 allows the basin captured fluid to later be
drained when personnel arrive on site with oil pans or other
suitable collection equipment than can be placed, or can
reach, under the drain port of the basin.

In the event of a power loss, all valves on the pipeline will
close prevent any further flow in the pipeline, thereby limiting
the extent of any fluid that can escape the pipe. In a preferred
embodiment, multiple valves and their respective jacket and
coil are installed on the pipeline so and the valve actuators are
wired in series via the respective coiled wires, whereby the
coils create an overall control circuit powering all the valves
in the series, and the interruption of the control circuit current
by the disengagement of one coil’s terminal at the respective
valve thus causes all of the valves in the series to close.

The breaking of the control circuit to deactivate the motor
and close the valve also activates the emergency light, for
example by interrupting power to the control side of a relay in
order to close the output side of the relay to form a connection
between a secondary power supply and the emergency light
28.
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In the occurrence of a leak, the system thus contains the
leaking fluid inside the jacket, stops flow to the leak location
by closing the valve, and provides a visual signal that the leak
has occurred by activation of the emergency light. The system
may employ a camera 30 to capture video or intermittent still
images of one or more of the coil-wrapped jacket, the valve
and the emergency light. Video or still images may be auto-
matically forwarded to a monitoring device (e.g. computer
workstation, laptop, tablet, mobile phone) that is accessible
to, or carried by, one or more personal tasked with monitoring
the status of the pipeline, whether by a wired or wireless
communication link. The camera and associated communi-
cation link may configured for ongoing continuous or inter-
mittent image capture and transmission, or be configured to
capture and/or transmit images only when a leak occurs, for
example having been activated in a manner similar to that
described above for the emergency lights.

Additional monitoring equipment may include pressure
and/or flow rate sensors 32 inside the pipe for monitoring
internal conditions inside the pipeline, and/or a motion sensor
34 for monitoring movement of one or more of the jacket,
wire coil or valve. Like the camera, the motion sensor may be
normally operational, or event-triggered to only activate in
emergency situations where a leak has occurred.

It will be appreciated that the pipe section configuration
illustrated in FIG. 1 is preferably repeated in series along the
pipeline, for example installing sleeves on sections of pipe
prior to pipeline assembly, and then sealing the sleeves of
different pipe sections together end-to-end during onsite
assembly of the pipe sections to form the pipeline. This way,
continuous jacket overlying a substantial length of the pipe-
line may be formed.

FIG. 4 schematically illustrates a pipeline of the present
invention, where the pipeline 100 runs from a pumping sta-
tion 102 to a ship-loading fill station 104 at a coastal port in
order to convey the oil to a suitable location for filling of an oil
tanker. The fill station 104 features a telescopic upright con-
duit 106 connected to an end of the pipeline 100 by a swivel
fitting 108 that allows the upright conduit 106 to rotate about
a vertical axis. A series of outlet pipes 110 are connected to
the top of the vertically-adjustable telescopic conduit 106,
and joined together by articulating joints 111 allowing the
outlet pipes 110 to pivot relative to one another about hori-
zontal axes. A valve-equipped connector 112 at the end of the
series of articulated pipes 110 is equipped for threaded cou-
pling with the fill pipe 114 of a of an oil tanker bladder or
compartment 116. The swivel adjustment, telescopic height
adjustment, and articulated outlet adjustments form a gener-
ally tap- or faucet-shaped pipeline outlet that is adjustable to
suitable positions for connecting to the oil-receiving bladders
or compartments of oil tankers.

The pipeline 100 features multiple sets of the valve, jacket
and wire combination of FIGS. 1 to 3 arranged end-to-end in
series along the pipeline. Each coil wire is connected in series
to the next via the quick-disconnect coupler to which the coil
wire’s terminal is engaged, with opposite ends of the series
connecting to respective terminals of a suitable power source,
for example at the pumping station 102. In this wiring con-
figuration, the disengagement of any one of the coiled wires
from its quick-disconnect coupling under expansion of the
coil diameter by a leak in the pipe will disconnect all the
valves from the power supply, causing all the valves to close
of the pipeline at their respective positions therealong. How-
ever, it will be appreciated that other embodiments may
employ alternate wiring configurations in which not all of the
valves are commonly controlled. For example, in some
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embodiments, each valve may be controlled individually, i.e.
closed only by disconnection of its respective coil wire.

FIGS. 7 to 9 illustrate two pipeline sections featuring a
similar leak detection and containment solution to that out-
lined above with reference to FIG. 1, with the valve installed
between adjacent ends of the two pipes 10 and a respective
jacket 12 and coil 14 wrapped around each pipe to cause
closing of the valve. The control circuit for the valve features
two points at which the circuit can be opened by withdrawal
of the end terminals of the coils from the circuit, whereby a
leak in either pipe will expand the respective jacket and coil
and the disengagement of this coils terminal from the circuit
will open the same and cause the valve to automatically close.

The safety system in FIGS. 7 to 9 features the addition of a
flashback arrestor 200 to each pipe 10 at the end thereof
opposite the valve support 16 at which the cutoff valve 22 is
mounted to these pipes to open and close flow therebetween,
thus placing flashback arrestors both upstream and down-
stream of the valve To prevent explosions, for example at a
tank of propane or natural gas fed by the pipeline, this new
safety valve system has a flash back arrestor 200 both in front
and the rear of the cutoff valve system. The front flash back
arrestor would prevent flames or pressure back flow, the cut-
off valve would stop the pipeline flow from continuing, and
the rear flash back arrestor would be an extra safety flash back
protection, for example in case the cutoff valve 22 might
cause a spark when slammed closed in the event of a leak.

While the schematically illustrated embodiment employs a
knife-style valve the slides in a radial direction relative to the
pipe axis to open and close the pipe conduit, other valve
configurations may be employed. In addition, while the illus-
trated embodiment uses powering of actuators to hold the
valves in their normally open positions, other embodiments
may be configured to reduce power consumption by avoiding
the need for power to hold the valve open, and instead use
power only to release or drive the valve out of the open
position into the closed position. However, the described use
of power to hold the valve open against a biasing action that
forces the valve closed may provide an improved failsafe by
automatically closing the valves in the event of a power dis-
ruption.

It will be appreciated that although the coiled wire of the
detailed embodiment is used to convey power to the valve
control mechanism, other embodiments may power the gate
control circuit in another way, for example using a dedicated
power supply at the location of the valve, with the terminal of
the coiled wire forming part of a switching mechanism for
changing the open/closes state of the control circuit between
the dedicated power supply and the valve actuator, without
delivering current to the circuit through the coil. In such
embodiments, the coil need not necessarily be wire or other
electrically conductive member.

While the illustrated embodiment is described in terms of
an oil pipeline, it will be appreciated that the same leak
containment, flow cutoff and personnel informing leak-indi-
cation solutions can be employed on pipelines or conduits
used in other contexts.

Since various modifications can be made in my invention
as herein above described, and many apparently widely dif-
ferent embodiments of same made within the spirit and scope
of'the claims without department from such spirit and scope,
it is intended that all matter contained in the accompanying
specification shall be interpreted as illustrative only and not in
a limiting sense.

The invention claimed is:

1. A leak detection, containment and cutoff system for a
conduit, the system comprising:
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a flexible tubular jacket fitted circumferentially and con-
formingly around a circumferential wall of the conduit,
said flexible tubular jacket comprising resilient material
that provides said flexible tubular jacket with a resilient
expandability in a radial direction of the conduit so that
said flexible tubular jacket is expandable in said radial
direction by fluid exiting the conduit in the event of a
leak occurring in the conduit at a location beneath the
flexible tubular jacket;

avalve installed at a point along the conduit and moveable
between open and closed positions allowing and pre-
venting fluid flow through the conduit at said point; and

a control system configured to cause movement of the
valve into the closed position under expansion of the
tubular jacket by the fluid leaking from the conduit,
whereby said movement of the valve into the closed
position terminates the leak; and

wherein the flexible tubular jacket is configured such that
the resilient expandability in the radial direction acts to
contain said fluid inside the flexible jacket throughout an
entire duration of the leak.

2. The system of claim 1 in combination with the conduit,

wherein the conduit is an oil pipeline.

3. The system of claim 1 wherein the valve is one of
multiple valves installed at respective locations along the
conduit, and the control system is configured to close all of
the multiple valves under the expansion of the tubular jacket
by the fluid leaking from the conduit.

4. The system of claim 1 wherein the control system com-
prises a coil wrapped around and along the flexible tubular
jacket and having a terminal fitting at an end thereof, the
terminal fitting normally residing in a first relationship with a
control element in a control circuit of the control system and
being movable into to a second relationship with the control
element by expansion of a diameter of the coil caused by the
expansion of the tubular jacket at the leak in the conduit, the
terminal fitting and the control element being arranged to
maintain the valve in the open position when in the first
relationship and to move the valve to the closed position when
in the second relationship.

5. The system of claim 4 wherein the control element is a
quick-disconnect coupler in which the terminal fitting of the
coil is normally engaged to close the control circuit and from
which the terminal fitting is disengagable from the quick-
disconnect coupler by the expansion of the coil to open the
control circuit, the control system being configured to move
the valve into the closed position under opening of the control
circuit.

6. The system of claim 5 wherein the control circuit nor-
mally powers at least one actuator that normally holds the
valve in the open position, whereby opening of the control
circuit disconnects power to the at least one actuator to release
the valve from the open position.

7. The system of claim 1 comprising an emergency alarm
system linked to the control system and operable to activate at
least one alarm output in response to the expansion of the
tubular jacket and resulting closing of the valve.

8. The system of claim 7 wherein the at least one alarm
output comprises an emergency indicator light.

9. The system of claim 7 wherein the at least one alarm
output comprises an image capture device arranged to capture
at least one image of at least one of the tubular jacket and the
valve.

10. The system of claim 1 comprising a flashback arrestor
installed on the conduit proximate the valve.
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11. The system of claim 10 comprising a second flashback
arrestor installed on the conduit proximate the valve, the
flashback arrestors being respectively positioned upstream
and downstream of the valve.

12. The system of claim 10 wherein flashback arrestor is
mounted at an end of a pipe that is disposed opposite another
end of the pipe at which the valve is mounted between said
pipe and another pipe of the conduit.

13. A leak detection and containment system for a conduit,
the system comprising:

a flexible tubular jacket fitted circumferentially and con-
formingly around a circumferential wall of the conduit,
said flexible tubular jacket comprising resilient material
that provides said flexible tubular jacket with a resilient
expandability in a radial direction of the conduit so that
said flexible tubular jacket is expandable in said radial
direction by fluid exiting the conduit in the event of a
leak occurring in the conduit at a location beneath the
flexible tubular jacket;

a coil wrapped around and along the flexible tubular jacket
and having a terminal fitting at an end thereof; and

a leak event response system comprising a control circuit
having a control element in association with the terminal
fitting of the coil, the terminal fitting normally residing
in a first relationship with a control element and being
movable into to a second relationship with the control
element by expansion of a diameter of the coil caused by
the expansion of the tubular jacket at the leak in the
conduit, the leak response system being configured to
trigger and output action under movement of the termi-
nal fitting of the coil into the second relationship with the
control element;

wherein the flexible tubular jacket is configured such that
the resilient expandability in the radial direction acts to
contain said fluid inside the flexible jacket throughout an
entire duration of the leak.

14. The system of claim 13 wherein the leak event response
system comprises a valve installed at a point along the conduit
and moveable between open and closed positions allowing
and preventing fluid flow through the conduit at said point, the
valve being normally maintained in the open position and
arranged to move to the closed position under movement of
the terminal fitting of the coil into the second relationship
with the control element.

15. The system of claim 13 wherein the leak event response
system comprises an emergency alarm system arranged to
activate under movement of the terminal fitting ofthe coil into
the second relationship with the control element.

16. A leak detection and indication system for a conduit
comprising a flexible tubular jacket fitted circumferentially
and conformingly around a circumferential wall of the con-
duit, said flexible tubular jacket comprising resilient material
that provides said flexible tubular jacket with a resilient
expandability in a radial direction of the conduit so that said
flexible tubular jacket is expandable by fluid exiting the con-
duit in the event of a leak occurring in the conduit at a location
beneath the tubular jacket, whereby expansion of the flexible
tubular jacket indicates the occurrence of the leak while the
resilient expandability in the radial direction acts to contain
said fluid inside the flexible jacket during said expansion.

17. The system of claim 16 further comprising a leak event
response system arranged to automatically carry out an out-
put under expansion of the flexible tubular jacket by the leak.
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